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http://dx.doi.org/10.1016/j.pedneo.2Background: The benefits of feeding human milk to infants, even in prematurity, have been
well documented. Well-organized donor milk processing has made the milk bank a good source
of nutrition for premature or sick infants if their own mother’s milk is not sufficient or suitable.
The Taipei City Hospital Milk Bank was established in 2005 and is the first nonprofit human milk
bank to operate in Taiwan.
Methods: The milk bank has adopted standards of practice laid down by the Human Milk
Banking Association of North America and United Kingdom Association for Milk Banking. The
clinical characteristics of the eligible milk donors, the recipients, and the donor milk were re-
viewed retrospectively.
Results: In the past 6 years, 816 eligible donors donated a total or 13,900 L (mean 17.03 L/
donor) of breast milk. The mean age of these donors was 31.3 years, and 79.7% of them had
college education. Most had term delivery (91.2%), with mean birth weight of their babies
being 3120 g; 68.9% of the donors were primiparas. A total of 551 infants had received bank
milk, with these indications: prematurity (65.4%), malabsorption (7.6%), feeding intolerance
(7.2%), maternal illness (5.1%) and post-surgery (4.6%). The pass rate of raw donor milk was
around 72.1%. The most common reasons to discard raw milk were Gram-negative rods
contamination (72.8%) and 104 colony-forming units/mL of coagulase-negative Staphylo-
coccus (62.3%). Only 0.63% of donor milk post pasteurization showed bacterial growth.
Conclusion: Proper management and operation of a human milk bank can support breastfeed-
ing, and provide a safe alternative to artificial formula for feeding preterm or ill infants in
Taiwan. Sustainability of the milk bank needs more propagation and financial support by health
authorities.
Copyright ª 2012, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. All rights
reserved.treet, Zhongzheng District, Taipei City 100, Taiwan.
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The first human milk bank in Taiwan 291. Introduction
were given support as needed, and blood tests wereThe benefits of feeding human milk to infants, even during
prematurity, are well documented. In the past 20 years,
baby-friendly hospital authentication is an important policy
that the Department of Health has tried to implement in
Taiwan, in order to make breastfeeding a conventional
medical care and give babies the best start in life. If infants
cannot or should not be fed by their own mothers’ breast
milk, timely introduction of donor breast milk without
reduction of its immunologic and antimicrobial properties is
important.
Human milk banks have been in existence for more than
100 years, and the processing of donor milk is well orga-
nized now. The World Health Organization (WHO) continues
supporting the establishment of human milk banks to
promote breastfeeding. Only under exceptional circum-
stances can a mother’s milk be considered unsuitable for
her infant, and in that situation, the choice of the best
alternative was breast milk from a healthy wet-nurse or
a human milk bank. Therefore, in 2005, under the instruc-
tive guidelines of the Human Milk Banking Association of
North America (HMBANA)1 and United Kingdom Association
for Milk Banking (UKAMB),2 the Taipei City Hospital Milk
Bank (TCHMB) is the first nonprofit, hospital-based human
milk bank to operate in Taiwan.
2. Methods
The standards of practice laid down by the HMBANA and
UKAMB have been adopted by the TCHMB, and donor
screening procedures are consistent with the requirements
for blood and tissue donation in Taiwan. Every recruited
lactating woman was screened in person initially by ques-
tionnaire regarding general information, life style, and
potential risk for infection. Women who smoked or used
alcohol or any illicit drugs were refused as donors. Those
with high-risk behaviors, such as receiving tattoos,
acupuncture or moxibustion, or intimate contact with
a hepatitis carrier, were also not allowed as potential milk
donors. Questions about the general health condition of the
donor and her baby, medication or medical intervention,
and recent exposure to infection were asked, in order to
make a balanced decision about her eligibility to donate
milk. The women who passed the questionnaire survey then
received blood test for human immunodeficiency virus
(HIV), human T-lymphotropic virus, hepatitis A/B/C, syph-
ilis, liver function, and complete blood cell count. All tests
were undertaken in laboratories of Taipei City hospitals.
The information from the questionnaire and the results of
blood tests were interpreted by the doctors of the milk
bank. Qualified donors were informed by telephone.
Before accepting a new donor’s breast milk, she was
voluntarily educated about personal hygiene, hand washing
skills, the cleaning of breast pumps and containers, and the
correct method of conserving and transporting breast milk.
The procedure of milk donation was also explained and her
consent obtained for the processing and intended use of the
donor milk. Breast milk expressed 1 month before and
3 months after the date that the eligible donors received
blood tests was collected. If milk donation continued, thedonor’s general health was regularly checked and they
repeated every 3rd month if their health condition was
a concern.
Unprocessed donor milk was stored in a freezer at20 C
before thawing in a 4 C refrigerator before pooling. The raw
milk was only pooled from the same donor then separated
into several batches, with 960 mL as one unit. Before
pasteurization, one sample from each batch of raw donor
milk was obtained for bacterial growth. Samples containing
a bacterial colony count <104 colony-forming units (CFU)/
mL of coagulase-negative Staphylococcus, Staphylococcus
epidermidis, Diphthemid bacillus, and Streptococcus
viridans were accepted. Others (including Gram-negative
rods, Gram-positive rods, Staphylococcus aureus, Bacillus)
with any number in raw milk or the total colony counts 104
were considered “pathological” to immunocompromised
infants, and discarded. The qualified raw milk was
pasteurized (62.5 C for 30 minutes) with a HMP 2000
compact pasteurizer (Ace Intermed, Andover, Hampshire,
UK). All the pasteurized donor milk was acceptable when
germ-free. Each bottle of the pasteurized bank milk was
labeled with code number and expiration date, which was
no longer than 3 months after the date of pooling. The
pasteurized milk was stored frozen at 20 C.
The Taipei City Hospital Milk Bank received doctors’
applications for their sick infants from all over Taiwan. The
application form with birth condition and clinical illness of
the infant were examined by the doctors of the TCHMB, and
the recipients were listed in priority according to the
indication. Each qualified recipient could take their weekly
amount of bank milk without any charge. The condition was
re-evaluated by the infant’s own doctor, and reapplication
was made 1 week later if bank milk was still needed. The
indication was also re-examined again. Thus, each recipient
could be indicated several times for bank milk and this was
recorded as person-times.
The information of the donors, the recipients, and the
donor milk of the TCHMB were all recorded in a database.
The clinical characteristics of these in the past 6 years were
reviewed retrospectively. Use of the personal records of
these donors and recipients was approved by the institu-
tional review board.3. Results
Between January 2005 and December 2010, a total of 917
lactating women were recruited, of whom 816 (89.0%)
passed the questionnaire screen and blood tests. They
donated a total of 13,900 L (mean 17.03 L/donor) of breast
milk. The numbers of participating milk donors or recipients
and the amount of donor milk increased year by year
(Figures 1 and 2). The mean age of the donors was 31.3
years (range, 18e45 years), and 79.7% of them had college
education. Only 25.2% of the donors were housewives. Most
of the donors delivered at term (91.2%), but some had
preterm babies. The median birth weight of their children
was 3120 g (range 476e4800 g); 68.9% of the donors were
primiparas. After having given birth, approximately 70% of
them started to donate milk between 2 months and
6 months. During the 6 years, there were 20 donors (2.5%)
Figure 1 The numbers of eligible donors and the person
times of the recipients each year.
Table 1 Characteristics of the eligible donors.
Characteristics (n Z 816) n %
Birth order of this pregnancy at donation
1 562 68.9
2 229 28.1
3 23 2.8
4 2 0.2
Times of breast milk donation
First time 796 97.5
Second time 20 2.5
Gestational age of this pregnancy
37 wk 744 91.2
32e36þ6 wk 45 5.5
28e31þ6 wk 10 1.2
<28 wk 11 1.3
Unknown 6 0.8
The first donation (postpartum)
<1 mo 22 2.7
1e<2 mo 108 13.3
2e<3 mo 185 22.7
3e<4 mo 194 23.8
4e<6 mo 188 23.1
6e<12 mo 111 13.6
Missing data 8 0.8
Demographics*
Taipei City 287 40.7
New Taipei City 315 44.7
Taoyuan, Hsinchu, Miaoli 74 10.5
Middle area of Taiwan 10 1.4
Southern Taiwan 12 1.7
Eastern Taiwan 7 1.0
Education*
Elementary/junior high school 3 0.4
High school 125 17.7
College 397 56.3
Master’s degree 152 21.6
Blank 28 4.0
Occupation*
Service trade 103 14.6
Housewives 178 25.2
Business 193 27.4
Teachers 46 6.5
Industry worker 32 4.5
Government worker 71 10.1
Students 4 0.6
Medical caregiver 15 2.1
30 F.-Y. Chang et alwho donated breast milk a second time. Due to demo-
graphic convenience, most of the donors came from
northern Taiwan. Table 1 shows their basic characteristics.
The reason for women who were not eligible as donors
was usually because to impaired liver function or an
abnormal white blood cell (WBC) count (Figure 3). None of
these women tested positive for HIV or human T-lympho-
tropic virus. In Taiwan, every woman had a screening test
for hepatitis B status during her pregnancy, and known
hepatitis B carriers were refused as donors by the initial
questionnaire survey. Even so, seven donors tested HBsAg-
positive by our serological test.
During the study period, a total of 551 infants (1373
person-times) received bank milk. The common indications
of recipients were prematurity (65.4%), malabsorption
(7.6%), feeding intolerance (7.2%), maternal illness (5.1%),
post-surgery (4.3%), and congenital anomalies (4.3%;
Figure 4). The average birth body weight of the recipients
was 1761 g (range, 395e5609 g), 29.4% were multiple
pregnancies, and mean gestational age was 31.9 weeks
(range, 22e42 weeks). Most infants received milk from the
milk bank for a short period (74% <2 months). Table 2 shows
the characteristics of these bank milk recipients.
The average pass rate of raw donor milk in the past 6
years was around 72.1%. The most common reasons to
discard raw milk were Gram-negative rods contamination
(72.8%) and 104 CFU/mL of coagulase-negative Staphylo-
coccus (62.3%). Table 3 shows the common type of bacteriaFigure 2 The amount of donor milk in each year, with the
pass rate.
Blank 63 8.9
* The survey for demographics, education level, and occupa-
tion in questionnaire was started in 2007. Therefore the total
number of donors with these characteristics was 705.in raw milk samples. Only 0.63% of milk postpasteurization
showed bacterial growth, and all of them showed Bacillus
species.4. Discussion
The AAP policy statement on breastfeeding reinforces the
benefits of breast milk for infants in health, nutritional,
Figure 3 Causes of milk donor ineligibility.
Table 2 Characteristics of the recipients.
Characteristics (n Z 551) n %
Number of babies in the pregnancy
Single 389 70.6
Twins 141 25.6
Triplets 21 3.8
Gestational age of this pregnancy
37 wk 68 12.3
32e36þ6 wk 230 41.7
28e31þ6 wk 154 27.9
<28 wk 88 16.0
Missed data 11 2.0
Birth body weight
2500 g 92 16.7
2000e2500 g 103 18.7
1500e2000 g 120 21.8
1000e1500 g 130 23.6
<1000 g 97 17.6
Missing data 9 1.6
Duration of receiving donor milk
1 mo 330 59.9
1e2 mo 78 14.2
2e3 mo 52 9.4
3e6 mo 38 6.9
6 mo 44 8.0
Missing data 9 1.6
Demographics
Taipei City/New Taipei City 398 72.6
Taoyuan, Hsinchu, Miaoli 48 8.8
Middle area of Taiwan 63 11.5
Southern Taiwan 37 6.8
Eastern Taiwan 2 0.4
Missing data 3 0.5
The first human milk bank in Taiwan 31immunologic, psychologic, and environmental aspects. The
TCHMB was established in Taiwan in 2005. The nonprofit,
hospital-based milk bank has since then continued
providing a safe source of breast milk for sick infants. As
a result of the effort of these years, more people under-
stand the proper processing of donor milk and the great
benefit of breast milk to sick babies. This makes them more
willing to participate in milk donation and to accept bank
milk if needed. The total processing amount of donor milk
increased three-fold in 6 years, and the numbers of milk
donors and recipients also increased rapidly year by year.
Most milk donors of the TCHMB were well-educated,
employed women. Approximately 70% of the donors were
primiparas and could start breast milk donation between 2
months and 6 months after having given birth. This implies
that the milk expression could be well-established even in
a novice mother. Comparing with a previous study in
Norway,3 our donors were younger (mean 31.3 vs. 33.8
years old) but started milk donation much later (median
12e16 vs. 7 weeks postpartum). The amount of donor milk
was also less (17.0 vs. 28.7 L/donor). Due to the traditional
Chinese culture of strict postpartum care and an average
8 weeks of maternity leave, the mothers were not easily
approached during this period. Therefore, for earlier andFigure 4 Indications of receiving donor breast milk.advanced promotion of milk donation, we tried to make the
human milk bank recognized by the mothers before labor.
The operation of the milk bank and the pathway of donating
milk were introduced in antenatal education during their
pregnancy and in the health handbook of their newly born.
Also, accessibility was of greatest concern. Establishment
of more satellite deposit sites for the milk bank offered
convenience for intended donors to participate inTable 3 Type of bacteria and occurrence in raw milk
samples.
Type of bacterium Occurrence (%)
Coagulase-negative Staphylococcus 64.3
Gram-negative rod 22.9
Staphylococcus aureus 2.2
Bacillus species 1.5
Enterococcus species 0.8
Corynebacterium species 0.6
Micrococcus species 0.4
Gram-positive rod 0.3
In some samples, two or more bacteria were detected, and
some others were not detected with any bacterium.
32 F.-Y. Chang et alcompleting questionnaire and blood tests. We set up the
first satellite deposit in the middle of Taiwan in 2010. This
benefited more milk donors and recipients from middle-
southern part of Taiwan. The amount of donor milk could
be limited because we only received the breast milk
expressed 1 month before and 3 months after the date of
blood tests. This was due to concern about the window
period of infectious disease, especially HIV. Expression
timing of donor milk was not restricted in some milk banks
in other countries.
Eleven percent of the recruited women were rejected as
donors, with the most common reasons being impaired liver
function and abnormal WBC count. These two serologic
tests were not suggested in the HMBANA1 and NICE guide-
lines.2 because of concern of more high prevalence of
hepatitis B infection in Asian countries, we still set up the
more strict criteria for liver function evaluation. The WBC
count was also used as an initial screening tool for possible
infectious condition. While the strict unspecific restriction
of blood tests might decrease the numbers of qualified
donors, providing a safe source of donor milk was still the
gold standard for our milk bank.
Study has shown that human milk-fed premature infants
receive significant benefits with respect to host protection
and improved developmental outcomes compared with
formula-fed premature infants.4 Donor milk also provides
better outcomes for preterm babies, in both short-term or
long-term health.5e9 For term infants, however, there is
quite little evidence for benefit, except in short bowel
syndrome.10 Therefore, under the consideration of justice
and cost effect, hospitalized preterm babies were priori-
tized in our bank milk distribution, followed by hospitalized
sick infants (postsurgery or congenital anomaly), dis-
charged preterm babies, and healthy infants with unsuit-
able or insufficient own mother’s milk.
In the TCHMB, we kept supplying bank milk to infants in
need even after discharge. This policy was quite different
from those of other milk banks in the USA and Europe. They
only provided bank milk to sick infants in hospital or until
gastrointestinal (GI) tolerance for 2 weeks. In some cases,
the preterm babies with extremely low birth weight might
suffer from GI dysmotility or malabsorption even after
going home. Therefore, as long as the infants were indi-
cated and bank milk supply was not limited, the discharged
babies could still apply for bank milk for support, explaining
why there were around 8% of recipients who applied for
bank milk for more than 6 months.
Most recipients (w60%) applied for bank milk for less
than 1 month, which suggested bank milk played the role of
temporary support when own mother’s breast milk was
insufficient. In each bank milk application, we collected
the basic data of the recipient’s gestational age/current
age, birth weight/current weight, amount of feeding in
each meal, clinical indication for bank milk, and geographic
area. The infants’ actual feeding condition, such as if fed
with bank milk only, or fed with their own mothers’ milk
mainly and supported with bank milk if insufficient, or
supplied with human milk fortifier, were not known by the
milk bank. The clinical outcomes, such as decrease of
necrotizing enterocolitis, improvement of GI tolerance, or
fewer infectious episodes, were also not easily approached
due to lack of control groups. The short period of bank milkuse and clinical variability made the analysis of benefits to
our recipients difficult. Therefore, we paid more attention
to the quality of bank milk, including infection control and
nutrition density.
Some human milk banks provide unpasteurized raw milk
(also called “fresh frozen”) to infants, and only samples
containing Staphylococcus aureus, Klebsiella, Enter-
obacter, Serratia species, Escherichia coli, or a bacterial
count of >104 CFU/mL were pasteurized and supplied when
germ-free.3 Some authors claim that the use of fresh frozen
unpasteurized bank milk promotes enteric feeding by con-
taining probiotics.9 At present, however, we still use the
protocols for milk pasteurization that meet HMBANA1 and
National Institute for Health and Clinical Excellence
guidelines2 from the UKAMB. All donor milk was provided
after pasteurization and was germ-free as confirmed by the
TCHMB. A randomized study showed that infants fed
pasteurized donor breast milk alone were at no greater risk
of infection than those fed raw donor breast milk.11 This
demonstrates that pasteurized donor breast milk retains
active anti-infective properties. The rigorous bacteriolog-
ical screening of donor milk pre- and post-pasteurization
will result in approximately 28% of donor milk discarded
in the TCHMB. We choose to implement strict screening
standards because the safety should always be paramount.
The 2010 National Institute for Health and Clinical Excel-
lence guidelines modified the criteria for bacterial
screening, in which that before pasteurization, only
samples 105 CFU/mL of microorganisms or 104 CFU/mL
of Staphylococcus aureus or Enterobacteriaceae would be
discarded. We hold expert meetings biannually to evaluate
and renew our protocols. In the meantime, the alternative
technologies are being assessed and aimed to preserve
bioactivity of breast milk and ensure the safety of donor
milk at the same time. These might reduce the unnecessary
waste of valuable breast milk.
Despite established therapeutic benefits, the relatively
low nutrient density of donor milk compared with milk from
a preterm infant’s own mother and preterm formula was
a concern. The slower growth in the early postnatal period
was also found, but follow-up studies of preterm infants to
school age have shown that physical size does not differ in
children aged 7e8 years between groups who received
donor breast milk and preterm formula during the neonatal
period.12,13 Further research is needed to confirm the
benefit of donor milk and measure the effect of fortified or
supplemented donor breast milk.13 Eight percent of our
milk donors were the mothers of premature infants, and
some of them even donated breast milk within 1 month
after having given birth. The valuable preterm early milk
was marked and especially provided to extreme-low-birth-
weight preterm recipients. We also analyzed the nutritional
components of the donor milk, and distributed to preterm
babies at different stages individually.
Correct tracing of the bank milk was also important. The
information of each bottle of donor milk, including the
basic data of the donor, the working staff, the pooling time,
the pasteurizer, and the bacteriological results before and
post-pasteurization, was all recorded in a database. Addi-
tionally, we will keep conserving 2 ml of milk from each
batch of the donors in a 80C freezer for 30 years. The
complete records and the long-term conservation of
The first human milk bank in Taiwan 33samples are important to provide the tracing clues for
response to unforeseen risks.
In the past 6 years, the TCHMB has been growing year by
year. The concept of donor breast milk has been gradually
accepted by health care personnel and the general pop-
ulation. Breast milk donation and demand for bank milk
both exceed expectations yearly, and donations even have
exceeded our processing capacity. The processing fee of
each donor milk in the TCHMB is around 170 US dollars/L,
which is quite close to other countries. In the USA and UK,
bank milk is paid for by the recipients. In Taiwan, the
current fund for operation of milk bank was mostly from the
Taipei City Hospital and the Department of Health of Taipei
City Government. We were certificated by the UKAMB in
2009, which makes us believe that this model is successful.
We aim to operate permanently to obtain better quality
control and less loss of milk nutrients to benefit all infants
nationwide in need. Sustainability of the milk bank needs
long-term financial support by health authorities.
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